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Virtual worlds are three-dimensional, computer-generated worlds where team 
collaboration can be facilitated through the use of shared virtual space and mediated 
using avatars. In this study, we examined the effect of task complexity on team 
collaboration. We used a puzzle game in Second Life as the collaborative task and 
manipulated task component complexity by varying the number of pieces in the puzzle. 
We hypothesized that task complexity would influence team trust, team process 
satisfaction, and one‘s attraction to the team in virtual team collaboration. The 
experimental results indicate that task complexity has significant effects on team trust and 
team process satisfaction. 
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Chapter 1  
Introduction 
 
Virtual worlds can be defined as three-dimensional (3D), computer-simulated 
environments that replicate elements of the real world. Specifically, virtual environments 
include a space for interaction – they offer users the ability to interact with and 
manipulate objects within the space, and the user‘s ―presence‖ is projected into the space 
using a graphical representation called an avatar.  Through the mediation of the avatar, 
virtual worlds facilitate real-time social interaction and collaboration by enabling users to 
cognitively immerse themselves in a shared virtual space, interact and communicate 
using text and voice, and work together on projects regardless of their physical proximity 
in the real world.  In recent years, virtual worlds have attracted the attention of businesses 
and researchers as a new and promising technology for collaborative work (Davis, 
Murphy, Owens, Khazanchi, & Zigurs, 2009). 
Virtual collaboration is fast becoming a key theme in organizational applications 
of virtual worlds (Kock, 2008).  Despite the importance and popularity of collaboration 
and social interaction in virtual worlds, team collaboration in virtual worlds is an 
underexplored research area. Much of the literature examining computer-mediated teams 
in the IS domain comes by way of research examining group support systems. Much of 
this research demonstrates that while technology has a role to play, so too do team 
characteristics, individual attitudes and behaviors, and the type and nature of the team 
collaboration task. Many task characteristics have been examined in the literature. 
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Among them, task complexity has been shown to be one of the most important (Wood, 
1986). In this research, we studied the effect of task complexity on team collaboration in 
a virtual world.  
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Chapter 2  
Literature Review 
 
2.1 Three Dimensional (3D) Virtual Worlds 
Three-dimensional (3D) virtual worlds were originally developed from the field 
of computer games and they evolved from the single player, text-based games of the 
1980s to the massively multiplayer online role-playing games (MMORPGs) that are 
popular today. 
Virtual worlds have been developed for multiple purposes; and, there are various 
forms of virtual worlds (e.g., Second Life, OpenSim, Active Worlds, EverQuest, World 
of Warcraft, etc.) for social users, gamers, business professionals, educators, and 
researchers. Despite a wide variety of virtual worlds currently available, they have certain 
common features. According to Castronova (2001), a virtual world comprises three key 
features: 1) interactivity, 2) physicality, and 3) persistence. 
1) Interactivity 
 A virtual world can be accessed remotely (i.e. through the Internet) and 
simultaneously by a large number of people. Inhabiting in a virtual world, people interact 
with others through their avatars. An avatar is characterized as the three-dimensional 
digital representation of a user‘s identity within a virtual environment (Taylor, 2002). 
Users are in control of their avatars, that is, they are able to transform avatar appearance 
and manifest avatar behaviors (Yee & Bailenson, 2007). 
 
4 
 
 
2) Physicality 
People gain access to a virtual world through an interface that creates the illusion 
of a three-dimensional physical environment somewhat akin to the real world (e.g., 
gravity, topography, and locomotion). Still, virtual worlds provide possibilities to surpass 
real-life obstacles (e.g., flying and teleporting). The virtual world environment is filled 
with virtual objects. 
3) Persistence  
A virtual world continues to run whether or not anyone is using it; it remembers 
the location of people and virtual objects, as well as the ownership of objects.  
Accordingly, virtual worlds can be defined as persistent, computer-simulated, 
three-dimensional (3D) environments which mimic elements of the real world, ranging 
from virtual human beings to virtual objects. People in virtual worlds interact with others 
as well as with objects in a manner akin to the real world through their graphical 
representations called avatars. 
One of the most prominent 3D virtual worlds is Second Life which is an Internet-
based 3D virtual world launched by Linden Lab in 2003. Second Life provides a platform 
for users or residents to collaboratively create shared content, including objects used by 
avatars (e.g., clothing, furniture, houses, etc.). In Second Life, residents can 1) explore 
the environment, 2) socialize with other residents, 3) participate in individual and group 
activities (e.g., carry out shopping activities, attend conferences or lectures, etc.), and 4) 
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create and trade virtual properties and services with one another (Messinger, et al., 2009). 
Almost everything in Second Life is created and owned by its residents. 
Advances in Internet connections and improvements in 3D virtual-reality 
technologies have allowed virtual worlds to move far beyond their original vision. The 
various types of virtual world platforms are now having a major influence on businesses, 
communities, and society at large (Zhao, Wang, & Zhu, 2010; Messinger, et al., 2009). In 
addition to the original purposes of virtual worlds, people are forming relationships, 
conducting businesses, and carrying out collaborative work (i.e., gaming and 
entertainment) (Hendaoui, Limayem, & Thompson, 2008; Bainbridge, 2007; Castronova, 
2001).  Messinger et al. (2009) indicated that virtual worlds have a societal impact in two 
ways: 1) as the next-generation of the 3D WWW, and 2) facilitate rich social interactions. 
The latter impact has been considerably appealing to a large number of businesses and 
researchers who have been exploring ways to effectively leverage the social interaction 
properties of virtual worlds.  
2.2 Virtual Worlds as Collaboration and Communication Platforms 
Three-dimensional virtual worlds offer a wide range of possibilities that are not 
possible with other collaboration technologies such as video conferencing, audio 
conferencing, and lean channel media (e.g., email and instant messaging). In contrast to 
video conferencing that offers communication through what is referred negatively as 
―talking heads‖, virtual worlds offer the use of body movements and spatial orientation 
through avatars (Churchill & Snowdon, 1998). Unlike audio conferencing, 3D virtual 
worlds also provide non-verbal cues.  
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 Davis et al. (2009) categorize the potential capabilities of virtual worlds into four 
dimensions: 1) communication, 2) rendering, 3) interaction, and 4) team process (see 
Table 2.1).   
Table 2.1: Capabilities of Virtual Worlds 
 (Davis et al., 2009) 
 
Capability 
How capability is, or could be implemented in a 
virtual world 
Communication Immediate 
feedback 
- Avatar-to-avatar text or voice chat 
- Avatar-to-avatar video with communication of facial 
expressions, body language, and gestures 
- Synchronous communication 
 Multiplicity of 
cues and 
channels 
- Facial expressions, body language, and gestures of 
avatar in video 
- Tone of voice in video or audio chat 
- Rendering of people through manipulation of clothing 
and appearance of avatars 
 Language 
variety 
- Natural language 
- Internet language in text chat (e.g., LOL) 
- Voice manipulation 
 Channel 
expansion 
- Training programs offered outside of context 
- Training offered with tutorials, help toolbar, or FAQs 
- Avatars must pass training on Orientation Island 
before joining 
 Communication 
support 
- Synchronicity 
- Anonymity 
- Feedback 
- Manipulable objects 
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Table 2.1: Capabilities of Virtual Worlds (Continued) 
 (Davis et al., 2009) 
 Capability 
How capability is, or could be implemented in a 
virtual world 
Rendering Personalization - Avatar-to-avatar video including eye gazing and other 
deliberate actions, such as touching 
- Personalization and rendering of people through 
clothing and avatar appearance 
 Vividness - Sensory rich mediated environment 
- Multiple options for presenting information, including 
three dimensional 
Interaction Interactivity - Real-time communication 
- Teleporting 
 Mobility - Teleporting 
- Flying 
- Ability to be in different locations 
 Immediacy of 
artifacts 
- Immediate creation/building of text, figures, 3D 
models, images or some combination 
- Fast modeling or building 
- Immediate importing of outside files or objects 
- Software agents and the ability to leave persistent 
artifacts and avatars behind 
Team Process Process 
structuring 
- The use of a software agent to lead a team and to 
record meetings 
 Information 
processing 
- Three-dimensional brainstorming tools 
- Three-dimensional organization tools 
- Three-dimensional voting 
 Appropriation 
support 
- Avatar interaction for facilitation or leading 
- Avatar training use software agents 
 
Undoubtedly, virtual worlds have evolved into sophisticated collaboration and 
communication platforms and have attracted the attention of both businesses and 
researchers (Kahai, Carroll, & Jestice, 2007; Davis et al., 2009; Kock, 2008). Siau, Nah, 
Mennecke and Schiller (2010) advocate that virtual worlds are a new promising 
information technology (ICT) that can facilitate collaborative work and learning. In light 
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of increasing competition and globalization as well as the need to save time and minimize 
travel expenses, many organizations are relying more heavily on virtual teams (Kock, 
2000). Virtual teams are geographically dispersed and they work interdependently in 
order to accomplish a common goal through the use of collaboration technologies (e.g., 
audio conferencing, video conferencing, and computer-mediated systems) (Dubé & Paré, 
2004; Lipnack & Stamps, 1997; Wainfan & Davis, 2004). Many collaboration 
technologies fail to provide an experience equivalent to face-to-face communication (e.g., 
lack of media richness, lack of non-verbal cues, and lack of social context). In contrast, 
3D virtual worlds can support a greater level of interactivity and richness for 
collaboration and communication.  
A virtual world creates an illusion of a shared virtual workspace in which virtual 
team members can simultaneously interact, collaborate, and cooperate with one another 
to achieve a common goal using their avatars as the nexus of communication (Mennecke, 
Triplett, Hassall, Conde, & Heer, 2011). With their avatar-mediated technology, virtual 
worlds have the potential to facilitate real-time social interactions among users through 
their avatars. This embodied representation enables richer forms of interaction compared 
to traditional media (Mennecke et al., 2011; Gerhard, Moore, & Hobbs, 2004).  
Not only do 3D virtual worlds enable virtual teams to communicate 
synchronously via chat or audio channels, but they also allow virtual teams to carry out 
activities simultaneously using various types of shared applications (e.g., presentation or 
spreadsheet programs). In addition, 3D virtual worlds allow users to create, move, and 
manipulate in-world objects. Indeed, team members can cooperatively manipulate objects 
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in a shared virtual space (Schroeder, Heldal, & Tromp, 2006; Slater, Sadagic, Usoh, & 
Schroeder, 2000), which facilitates team members‘ engagement in cooperative tasks and 
activities (Siau et al., 2010).  
Researchers from social sciences, psychology and information systems have been 
exploring the potential of virtual worlds as a technological platform for virtual team 
collaboration, and studying team collaboration in terms of team behaviors, team process 
and outcomes, and communication capabilities (Kock, 2008; Davis et al., 2009; Kahai et 
al., 2007). Recent studies have used virtual worlds as research environments for the study 
of virtual team phenomena (e.g., Picot et al., 2009; Korsgaard, Picot, Wigand, Welpe, & 
Assmann, 2010). These researchers claimed that virtual worlds tend to be highly 
engaging and psychologically meaningful to subjects.  
3D virtual worlds may provide an environment for team building that enhances 
team identification in virtual teams (Ellis, Luther, Bessiere, & Kellogg, 2008). Because 
virtual teams typically lack socio-emotional communication, resulting in lower trust and 
cohesion, Ellis et al. (2008) suggested that Second Life, one of the most prominent virtual 
worlds, can be used as the environment for designing cooperative games for virtual 
teams. 
Apparently, 3D virtual worlds broaden the range of opportunities for employing 
virtual team collaboration, offering environments in which rich interaction (Schroeder et 
al., 2006) and engaging collaboration (Davis et al., 2009; Kahai et al., 2007) among users 
are facilitated. Not surprisingly, 3D virtual worlds have increasingly played a crucial role 
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in supporting virtual collaboration and fostering team effectiveness (Korsgaard et al., 
2010). 
2.3 Trust 
Working together deals with interdependence; that is, team members depend upon 
others to achieve common tasks. As a result, mutual trust is indispensable for enabling 
team members to work together effectively (McAllister, 1995). Prior research on trust has 
emphasized that trust is a complex, multidimensional construct. In particular, there are 
two board dimensions of trust: 1) cognitive-based trust, and 2) affective-based trust 
(McAllister, 1995).  
Cognitive-based trust refers to the calculative and rational characteristics 
demonstrated by trustees. Examples of the trustees‘ characteristics include reliability 
(McAllister, 1995), integrity, competence (Mayer, Davis, & Schoorman, 1995), and 
responsibility (Cook & Wall, 1980). On the other hand, affective-based trust involves the 
emotional elements and social relationships associated with perceptions of the other 
actor, their history working together, and similar affective characteristics associated with 
their interactions. Care and concern for others‘ welfare form the basis for affective-based 
trust (McAllister, 1995). 
The relative importance of these two dimensions varies due to the context and the 
type of relationship among people (Lewis & Weigert, 1985). Cognitive-based trust has been 
studied mainly in the context of working groups (Meyerson, Weick, & Kramer, 1996). In 
contrast, affective-based trust has been studied in the context of close social relationships 
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such as couples, family members, and friends (Boon & Holmes, 1991). Many researchers 
have argued that trust in virtual team settings is best described by the cognitive dimension 
than the affective dimension (Meyerson et al., 1996; Peters & Manz, 2007; Robert, 
Dennis, & Hung, 2009; Jarvenpaa & Leidner, 1999; Jarvenpaa, Knoll, & Leidner, 1998). 
In addition, Kanawattanachai and Yoo (2002), who examined Meyerson et al.‘s 
propositions, showed that virtual teams relied more on cognitive-based trust than 
affective-based trust. Thus, cognitive-based trust should be more salient and influential in 
virtual team collaboration examined in this current study.  
Mayer et al. (1995) argued that trust is an important aspect of relationships, and 
trust varies within persons and across relationships. According to their ―integrative‖ 
model of trust, trust is affected by a trusting party (i.e., trustor) and a party to be trusted 
(i.e., trustee). Mayer et al. (1995) defined trust as ―the willingness of a party to be 
vulnerable to the actions of another party based on the expectation that the other will 
perform a particular action important to the trustor, irrespective of the ability to monitor 
or control that other party.‖ (p. 712). Making oneself vulnerable is taking risk; therefore, 
trust is a willingness to take risk. The basis of the model was to understand how parties 
process information about others, thereby deciding how much risk to take with others. As 
such, the model represents a cognitive approach to trust. 
 Propensity to trust is referred to as a trait of the trustor which influences the 
extent to which the trustor will trust others prior to availability of information about a 
particular trustee (Mayer et al., 1995). Some individuals are more likely to trust than 
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others. Factors resulting in variation in propensity to trust include developmental 
experiences, personalities, and cultural background.  
 Trustee characteristics perceived by the trustor are viewed as antecedents of trust; 
that is, they determine trustworthiness. Three characteristics of the trustee that are 
relevant are: 1) ability, 2) benevolence, and 3) integrity (Mayer et al., 1995). Ability 
refers to the trustee‘s skills, competencies, and knowledge within some specific domain. 
Benevolence is the extent to which the trustee is believed to want to do good to the 
trustor. Integrity refers to the trustor‘s perception that the trustee adheres to a set of 
principles that is acceptable to the trustor.  
The concept of trust has been studied extensively in virtual teams (Mitchell & 
Zigurs, 2009). In the virtual team literature, trust is one of the vital behaviors (Dubé & 
Paré, 2004; Zigurs, 2003) and challenging issues (Khazanchi & Zigurs, 2006; 
Pinsonneault & Caya, 2005) for virtual teams.  Trust functions like the glue of virtual 
teams which, in turn, determines the success and failure of a virtual team (Lipnack & 
Stamps, 1997). It is essential that virtual team members establish trust in order to achieve 
the same goal (Jarvenpaa & Leidner, 1999; Peters & Manz, 2007). Trust among virtual 
team members plays a crucial role in team performance. When mutual trust is present 
among team members, it typically produces higher quality outcomes (Sarker, Valacich, & 
Sarker, 2000).  
Virtual teams normally are formed in order to work on a short-lived project; as a 
result, they might not have sufficient time to gather information about others in their 
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teams. It is difficult for team members to establish trust in a new working relationship. To 
successfully accomplish a collaborative task, team members need to trust the other 
members. They base their judgments of the trustworthiness of their team members not on 
past experiences, but rather on common group membership (Meyerson et al., 1996). 
According to Meyerson et al. (1996), ―people have to wade in on trust rather than wait 
while experience gradually shows who can be trusted and with what: Trust must be 
conferred presumptively or ex ante‖ (p. 170). Meyerson and his colleagues (1996) 
defined such trust as swift trust. Swift trust provides an explanation of the finding that 
some teams manage to establish high levels of trust that enable them to function in high 
risk, high vulnerability situations. 
In Jarvenpaa and Leidner‘s (1999) study, the findings suggest that trust could be 
swiftly established in virtual teams in which team members collaborated via electronic 
communication. Fifteen out of twenty-nine teams showed high levels of trust from the 
outset of the project. Furthermore, the study indicated that teams that started and ended 
with high levels of trust achieved an outstanding performance.  Jarvenpaa and Leidner 
(1999) also cautioned that swift trust is short-lived and fragile. In a virtual team setting, 
even if teams are able to initially develop high trust, it is possible that such swift trust can 
be easily destroyed later. 
2.4 Attraction to Team/Group 
Attraction to team is one of the most widely studied characteristics of team 
processes (Kozlowski & Ilgen, 2006). While some researchers have equated attraction to 
team with team cohesion, Van Bergen and Koekebakker (1959) argued that attraction to 
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team and team cohesion should be considered separate constructs. They claimed that 
attraction to team is ―on a lower level of abstraction than cohesiveness‖ (p. 82). 
Accordingly, attraction to team may be more easily operationalized and measured 
(Casey-Campbell & Martens, 2009).  
Moreover, Evans and Jarvis (1980) asserted that although attraction to team is a 
concept related to team cohesion, it is distinct from cohesion. Gross and Martin (1952) 
categorized attraction to team as interpersonal cohesion. Kozlowski and Ilgen (2006) 
maintained that this dimension of cohesion allows teams to have less inhibited 
communication and to effectively coordinate their efforts. Evans and Jarvis (1980) 
defined mutual attraction of members to the collective as the most common definition of 
cohesiveness. According to Evans and Jarvis (1980), attraction to team refers to an 
individual‘s desire to identify with and be an accepted member of the team. 
Members who find their teams attractive are more likely to remain members of 
the team, and who are more willing to contribute to team discussion and self-exploration 
(Sagi, Olmstead, & Atelsek, 1955). An individual with a high need for belonging or a 
high need for affiliation may have strong motivations to remain with a team (Casey-
Campbell & Martens, 2009). The level of a team member‘s attraction to his/her team 
contributes to the development of the team and team outcomes (Evans & Jarvis, 1986).  
Research has generally reported a positive relationship between attraction to team 
and performance (e.g., Smith et al., 1994; Dorfman & Stephen, 1984; Mullen & Copper, 
1994). Beal and his colleagues (2003) clarified the relationship between attraction to 
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team and team performance. They differentiated performance as behavior (i.e., what team 
members do) from performance as outcomes. The meta-analyses conducted by Beal et al. 
(2003) showed that attraction to team was more strongly related to performance 
behaviors than to outcomes.  
Gully, Devine, and Whitney (1995) examined task interdependence as a 
moderator. When team members have to coordinate their effort, skill, and knowledge in 
complex and highly interdependent tasks, attraction to team is more strongly related to 
team performance than in simple tasks.  
In addition, Shaw (1981) explained that the expected positive relationship 
between attraction to team and performance was attributed to the notion that team 
members would work harder to attain group goals, when attraction to team was high. 
Attraction to team may lead to improvement in communications between team members, 
which, in turn, enhances participation as well as goal, task, and role acceptance 
(Cartwright, 1968).  As a result, a number of organizations have developed training 
programs which offer team experiences that will promote team cohesiveness and team 
members‘ attraction to the group (Casey-Campbell & Martens, 2009). 
2.5 Team Process Satisfaction 
Team process satisfaction refers to the affective and positive emotional reaction 
team members have with the ways (e.g., procedure, deliberation, etc.) they arrive at an 
outcome (Lowry, Romano, Jenkins, & Guthrie, 2009; Reining, 2003). Lowry et al. (2009) 
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argued that the goal setting theory is useful for understanding and explaining team 
process satisfaction. 
According to the goal setting theory, goals are defined as something that a person 
wants to achieve or his/her desired end states (Locke & Latham, 1990a; 1990b). 
Satisfaction (i.e., affect) is affected when individuals perceive that an object facilitates or 
hinders the attainment of value (Locke & Latham, 1990a). The strength of the affect is 
associated with the intensity of the value attributed to the object and the degree to which 
the value is perceived to have been attained. An object refers to what can be perceived 
such as actions, ideas, persons, situations, or prior emotions (Locke & Latham, 1990a).  
According to Locke and Latham (1990a), individuals can be motivated by goals 
on the basis of the extent to which a particular goal has task complexity, challenge, 
commitment, clarity, and feedback. Individuals who have more difficult but attainable 
goals perform better than those who have less difficult goals (Locke & Latham, 1990b).  
Further, some studies shed light on the impact of task interdependence on 
satisfaction with the group. Task interdependence indicates the degree to which group 
members interact and rely on each other to accomplish work and is related to satisfaction 
(Campion, Papper, & Medsker, 1996; Campion, Medsker, & Higgs, 1993). Shaw, Duffy 
and Stark‘s (2000) empirical study has shown that individual‘s satisfaction with the group 
is positively associated with task interdependence, reward interdependence, and 
preference for group work. Shaw et al. (2000) explained that increased satisfaction in 
17 
 
high task interdependence resulted from the notion that working on tasks closely with 
others might be more enjoyable and satisfying experience than working alone. 
Many research studies in computer-mediated communication (CMC) or group 
support systems (GSS) include team process satisfaction as a team performance measure 
(Carey & Kacmer, 1997). Satisfaction is an important determinant of group collaboration 
success, and plays a crucial role in establishing commitment to team decisions (Lowry et 
al., 2009). In both face-to-face and virtual teams, lack of satisfaction can lead to 
dysfunctional teams (Lurey & Raisinghani, 2001; Lowry et al., 2009). 
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Chapter 3  
Theoretical Foundation 
 
The nature of a group‘s task plays an important role in a group‘s interaction 
process (Poole, Siebold, & McPhee, 1985). Poole et al. (1985) pointed out that ―the 
general variable „group task type‟ is emerging as an especially important variable, often 
accounting for as much as 50% of the variance in group performance‖ (p. 88). The task 
assigned to a group has been shown to influence group behavior and effectiveness 
(Mennecke & Wheeler, 1993; Hackman & Morris, 1975). Our main purpose of this study 
is to assess the effect of task complexity on team trust, attraction to team, and team 
process satisfaction. Since task complexity is an important characteristic of group tasks, 
understanding group tasks is also essential.  
A group task can be categorized by its goals, rules and roles that must be 
followed, criteria for completion, stress imposed on the team members, or consequences 
of failure or success (Hare, 1962). Accordingly, a number of task categorization schemes 
have been proposed in the group literature in an attempt to examine the role of group 
tasks and their effects on team processes and outcomes. In this study, a literature review 
on group tasks will be presented to understand and define the role of tasks. This study 
employs Hackman‘s (1969b) task framework to examine how tasks influence individuals‘ 
behavior and attitudes. We classified our experimental task (i.e., puzzles) based on 
McGrath‘s (1984) task circumplex, which is one of the most widely used and cited 
classification schemes. 
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Furthermore, the concept of task complexity will be reviewed. Task complexity is 
one of the task dimensions, serving as a determining variable in describing task 
performance through the demands it places on the knowledge, skills, and efforts of the 
individual task performer (Wood, 1986; Campbell, 1988). 
3.1 Group Tasks 
3.1.1 Hackman’s Framework for Analyzing the Effects of Tasks 
 Hackman (1969b) proposed a framework for gaining insight into how tasks and 
task factors influence behavior. He evaluated four theoretical approaches, originally 
proposed by Ferguson (1956) as well as McGrath and Altman (1966), for differentiating 
and classifying tasks.  
1) Task qua task 
Tasks are defined as a pattern of stimuli that affects the individuals. Task qua task 
characteristics refer primarily to the physical nature of the stimuli (e.g., stimulus input 
rate) or the actual task materials (e.g., clarity of instructions). Thus, task qua task 
characteristics relate to objective properties of tasks for which a researcher can specify a 
single, definite value by suitable measurement and control (Roby & Lanzetta, 1958). 
2) Task as behavior requirement 
Tasks are defined in terms of the behavioral responses a person should emit to 
achieve some performance criterion. Characteristics of this approach include task 
demands (i.e., the amount of resources required to obtain maximum productivity (Steiner, 
1966)) and the type of interactions required to achieve the task (Altman, 1966). 
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3) Task as behavior description 
Tasks are described in terms of the actual behaviors that people exhibit, given the 
stimulus conditions. This approach describes tasks in terms of the typical behavior of 
individuals who perform the task. 
4) Task as ability requirement 
Tasks are described by the patterns of personal abilities or traits, which are 
required to perform the tasks. This approach attempts to differentiate tasks by identifying 
the skills and abilities to complete the task. 
Hackman (1969b) asserted that both ―task as behavior description‖ and ―task as 
ability requirement‖ approaches are unsuitable because they rely heavily upon 
characteristics of task performers that vary across individuals for a given task.  
Although the ―task qua task‖ approach can separate effects due to task 
characteristics from the individual effects, Formulating the operational definition of 
objective task characteristics is a very difficult problem. The number of potential stimuli 
confronting an individual in any given situation is almost infinite. The ―task qua task‖ 
approach leaves the researcher with the difficult problem of operationalizing objective 
task characteristics (Hackman, 1969b). The ―task as behavior requirement‖ approach 
refers to the nature of behaviors which a person should emit to perform a task. Behavior 
requirements differ from task to task. Additionally, the set of behaviors required for task 
completion will remain constant across the task performer for any given task. Behavior 
requirements can be viewed as characteristics of tasks rather than characteristics of the 
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performer. As a result, Hackman (1969b) suggested that the ―task as behavior 
requirement‖ approach provides a basis for understanding the differences among tasks 
and their effects on behavior. Hackman (1969b) also termed behavior requirements as 
process-outcome links (later discussed in Hackman‘s task framework) because the 
behavior requirements mediate between what a performer does (i.e., behavioral process in 
working on the task) and the outcomes resulting from the performer‘s behavior. 
Hackman‘s (1969b) definition of task is as follows: “A task may be assigned to a 
person (or group) by an external agent or may be self-generated. It consists of a stimulus 
complex and a set of instructions which specify what is to be done vis a vis the stimuli. 
The instructions indicate what operations are to be performed by the subject(s) with 
respect to the stimuli and/or what goal is to be achieved.” (p. 113).  
Based on Hackman‘s (1969b) definition, a task comprises three important 
components: 1) stimulus materials (e.g., complexity, familiarity, task load, etc.), 2) 
instructions about operations (e.g., cooperation requirements, decision-making tasks, 
etc.), and/or 3) instructions about goals (e.g., criteria for task completion, goal clarity, 
solution multiplicity, etc.).  
In order to understand the effects of tasks on a performer‘s behavior, Hackman 
(1969b) proposed a task framework (see Figure 3.1). Characteristics of the performer 
which are likely to influence task performance are presented at the bottom of the figure.  
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Figure 3.1: Hackman’s Task Framework (Hackman, 1969b, p. 118) 
 
However, the objective task is not the one actually dealt with by any given 
performer, because of the process of task redefinition. A performer‘s own understanding 
of a task is usually different from the objective task. Hackman (1969b, p. 119) 
highlighted “Since the information included in the objective statement of the task must be 
perceived and coded by the subject before it becomes useful to him, all of the factors 
which affect the dynamics of perception (e.g., needs, values, etc.) potentially will 
contribute to task redefinition.” The task redefinition process can be viewed as the 
sequence of behaviors which occur between when a performer receives the task and when 
he starts actual work on it. There are four factors which seem most likely to affect the 
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nature of the performer‘s redefinition of the objective task: a) the degree to which the 
task performer understands the task, b) the degree to which the task performer accepts 
the task and is willing to cooperate with its demands, c) the idiosyncratic needs and 
values which the task performer brings to the task scenario, and d) the impact of previous 
experiences with similar tasks. 
The framework further points out that, after the performer has cognitively 
redefined the task, he formulates hypotheses about how he is supposed to deal with the 
task, such as hypotheses about the strategy of performance and hypotheses about the 
actual behaviors which will be performed. The specific hypotheses which are formed will 
depend upon the characteristics of the performer and upon the redefined task. For 
instance, previous experience with similar tasks is important in determining the nature of 
the hypotheses a task performer develops. 
The next stage in the task performance process is labeled as ―process‖ and refers 
to a performer‘s actual task-based behaviors. Like the other stages, process is moderated 
by personal factors, for example, the performer‘s task-relevant abilities and his 
motivation to perform. It should be noted that the performer‘s motivation is not merely 
the motivation he brings to the performance situation. The characteristics of the task itself 
(especially stimulus materials) can affect the performer‘s level of motivation, 
subsequently affecting the level or direction of performance. 
Some outcomes results from the actual task process. These are called ―trial 
outcomes‖ since they may be evaluated by the performer. If evaluation is unfavorable, 
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the performer will try something else to see if he can improve upon his trial outcome. In 
contrast, if evaluation is favorable, the trial outcome becomes the final outcome, and the 
task performance process terminates. There are two general types of outcomes 
(Hackman, 1969b): 1) personal outcomes which are the performer‘s reactions to the task 
experience (e.g., attitude change, satisfaction, frustration, etc.), and 2) objective outcomes 
which are the products of the task performance process (e.g., a written passage, an 
assembled device, etc.). 
As shown in Figure 3.1, the process-outcome links refer to the means by which 
particular responses are translated into particular outcomes. As mentioned earlier, the 
process-outcome links denote behavior requirements; thus, these links are those 
characteristics of the task or the situation which define what outcomes result from various 
behaviors on the part of the performer. 
In summary, drawing on the task framework, Hackman (1969a) suggested that 
there are four different ways in which tasks can influence behavior. First, tasks can affect 
a performer‘s behavior through the hypotheses he formulates about what he should do in 
response to a task. Second, cues that are inherent in tasks and situations can influence or 
arouse certain motive states of performers (e.g., achievement, affiliation, power, sex, 
etc.). Individuals frequently behave differently when they are dealing with tasks which 
arouse different motive states. Third, tasks have impacts on the performers‘ levels of 
cognitive and physiological arousal or activation (e.g., complexity, uniqueness, or variety 
associated with the task). Performance will be indirectly affected by the changed level of 
arousal. Lastly, task effects may operate through the process-outcome links which 
25 
 
determine what behaviors result in what outcomes. Figure 3.2 illustrates these four types 
of task impact on the performance process. 
 
Figure 3.2: Four Types of Impacts of Tasks (Hackman, 1969a) 
 
3.1.2 McGrath’s Task Circumplex 
McGrath‘s (1984) task circumplex is one of the most widely cited classification 
schemes in group research. The task circumplex classifies group tasks into categories that 
are mutually exclusive, collectively exhaustive, and logically related to one another 
(McGrath, 1984). The task circumplex is a two-dimensional representation: 1) the 
horizontal dimension refers to whether the task entails cognitive or behavioral 
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performance requirements, and 2) the vertical dimension refers to the degree to which the 
task involves cooperation or conflict.  
McGrath distinguished four task categories with regard to performance processes: 
1) generate (plans or ideas), 2) choose (a correct answer or a preferred solution), 3) 
negotiate (conflicting viewpoint or conflicting motive interest), and 4) execute (in 
competition with an opponent or in competition against external performance standards) 
(see Figure 3.3).  
 
Figure 3.3: McGrath’s Task Circumplex 
 
 
27 
 
3.2 Task Complexity 
3.2.1 Wood’s Model of Task Complexity 
Wood (1986) proposed a theoretical framework for task complexity. In order to 
explain task effects independently of individuals who perform the task, Wood‘s (1986) 
task complexity framework has drawn on ―task qua task‖ and ―tasks as behavior 
requirement‖ frameworks discussed by Hackman (1969b). Wood (1986) employed the 
―task as behavior requirement‖ framework for tasks which involve physical and motor 
activities. In addition to drawing upon the ―task as behavior requirement‖ framework, 
Wood‘s (1986) task complexity framework was also built upon the ―task qua task‖ 
framework for tasks involving judgment and inference. Accordingly, adopting a 
combination of those two frameworks, Wood (1986) posited that the components of a 
task are threefold: 1) products, 2) required acts, and 3) information cues.  
Products refer to entities produced through task-related acts or behaviors that are 
independent of the goals and expectations of individual task performers. A task product 
must be determined before task inputs (i.e., required acts and information cues) can be 
specified. A product is a set of identifiable attributes which can differentiate tasks and 
behavioral requirements. 
 Required acts refer to a pattern of behaviors with some identifiable purpose, 
which are treated as the basic unit of behavioral requirements. Wood (1986, p. 65) also 
highlighted that required acts represent merely task components needed for task 
completion, not properties of an individual task performer. 
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 Information cues refer to pieces of information about the attributes of task stimuli. 
Task performers process these information cues to make judgments while they are 
performing the task.  
Specifically, required acts and information cues are considered as task inputs that 
determine the demands placed on the knowledge, skills, and effort that individuals 
require for task performance (Wood, 1986, p. 66). Due to the fact that task inputs (i.e., 
acts and information cues) and products can differentiate one task from another, Wood 
(1986) suggested that the construct of task complexity serves as a determining factor of 
task performance through the demands for the knowledge, skills, and effort of individual 
task performers. As a result, Wood (1986) derives three types of task complexity: 1) 
component complexity, 2) coordinative complexity, and 3) dynamic complexity. 
Component complexity is a direct function of the number of distinct acts that are 
required to complete a task and the number of distinct information cues that are processed 
to execute those acts. Wood (1986) also noted that a task may involve the completion of 
several other tasks, which results in task products as inputs or subtasks of the larger task. 
Component complexity, thus, may require measures at the subtask level in addition to the 
act and information cue levels. Increases in each of these components (i.e., acts, 
information cues, and subtasks) result in increases in the knowledge and skill 
requirements for task completion. Thus, the larger the number of each of these 
components (i.e., acts, information cues, and subtasks), the greater the component 
complexity (Wood, 1986).  
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Coordinative complexity refers to the form and strength of the relationships 
between acts, products, and information cues, as well as the sequencing of inputs. 
Timing, frequency, intensity, and location requirements for performing required acts are 
also included in coordinative complexity. The more complex the timing, frequency, 
intensity, and location requirements, the greater the knowledge and skill an individual 
requires to be able to perform the task, and hence, the greater the coordinative complexity 
(Wood, 1986).  
Dynamic complexity is a function of factors that are related to stability of the 
relationships between task inputs and products. For example, tasks which are performed 
over longer periods of time or tasks which are relatively unique generate a higher level of 
dynamic complexity. Shifts in the knowledge or skills required for a task are caused by 
changes in either the set of required acts and information cues or the relationships 
between task inputs and products (Wood, 1986).    
3.2.2 Campbell’s Typology of Task Complexity 
Campbell (1988) reviewed approaches to task complexity and found that task 
complexity in the literature has been treated as:  
1) Complexity as primarily psychological  
Task complexity is treated as a subjective, psychological experience of the task 
performer (e.g., the differential feelings of autonomy, variety, feedback, and identity). 
This approach exclusively focuses on the subjective reactions of the individual to the task 
rather than on specific task characteristics (Campbell, 1988, p. 41). 
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2) Complexity as a person-task interaction  
This approach pays significant attention to both the task performer and the task 
when identifying complexity. For example, task complexity is defined in terms of the 
capabilities of the individual who performs the task. A task is more or less complex 
relative to the abilities of the individual performing the task. In general, this approach 
implies that task complexity cannot be examined independently of considerations of 
short-term memory, span of attention, computational efficiency, and so forth, as they are 
affected by task representation (Campbell, 1988, p. 42). 
3) Complexity as objective task characteristics 
Task complexity is defined in terms of the objective dimensions of task 
characteristics. Hence, complexity is derived from such task qualities as uncertain 
alternatives, path-goal multiplicity, conflicting elements, the amount of information 
involved in a task, and so forth (Campbell, 1988, p. 42).  
Campbell (1988) proposed an integrative framework based on objective task 
characteristics. Like Wood‘s (1986) framework, Campbell‘s (1988) proposed framework 
of task complexity is aimed at determining complexity independently of any task 
performer. Campbell (1988) utilized three important dimensions of information 
processing outlined by Schroder, Driver, and Streufert (1967) as a useful means of 
defining task complexity objectively and translating the implications of the task 
characteristics into person processes.  
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The three constructs of information processing consist of 1) information load (i.e., 
the number of dimensions of information requiring attention), 2) information diversity 
(i.e., the number of alternatives associated with each dimension), and 3) the rate of 
information change (i.e., the degree of uncertainty involved). Task complexity is directly 
associated with these three constructs of information processing; that is, an increase in 
each construct results in an increase in task complexity. Moreover, the three dimensions 
of information processing can capture the cognitive demands experienced by a task 
performer in completing a task (Schroder et al., 1967). Hence, a complex task places high 
cognitive demands on the task performer (Campbell & Gingrich, 1986). 
Any task characteristic that leads to an increase in information load, information 
diversity, or rate of change will increase task complexity. In Campbell‘s (1988) proposed 
framework, four objective task characteristics, which give rise to a high level of 
information load, information diversity, or rate of information change, are composed of 
1) the presence of multiple paths, 2) the presence of multiple outcomes, 3) the presence of 
conflicting interdependence among paths to outcomes, and 4) the presence of uncertain 
or probabilistic links among paths and outcomes (See Table 3.1). 
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Table 3.1: Task Characteristics (Campbell, 1988) 
Task Characteristics 
Complexity 
Increase Decrease 
Multiple paths: 
Multiple potential ways to 
arrive at a desired 
outcome. 
An increase in the number of 
possible ways to arrive at a 
desired outcome 
All paths are likely to result in 
the desired outcome 
(redundancy).  
Multiple outcomes: 
Multiple desired outcomes 
to be attained. 
An increase in the number of 
desired outcomes 
The desired outcomes are 
positively related. 
(redundancy) 
 
Conflicting 
interdependence among 
paths: 
Achieving one desired 
outcome conflicts with 
achieving another desired 
outcome. 
Negative relationships among 
desired outcomes 
 
Uncertain or probabilistic 
linkages: 
The connection between 
potential path activities and 
desired outcomes cannot 
be established with 
certainty. 
An increase in uncertainty 
through enlarging the pool of 
potential paths to a desired 
outcome. 
 
 
 
 
Campbell (1988) developed a typology of complex tasks by using task 
characteristics (i.e., multiple paths, multiple outcomes, conflicting independence among 
paths, and uncertain or probabilistic linkages) discussed earlier. A classification of task 
types is determined both by the degree to which a task incorporates each particular 
characteristic (e.g., presence or absent; high or low) and by the total number of the 
characteristics contained in the task (Campbell, 1988, p. 46). Table 3.2 represents a 
typology of complex tasks proposed by Campbell (1988).  
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Table 3.2: Typology of Complex Tasks (Campbell, 1988) 
Task 
Classification 
Multiple  
Paths 
Multiple  
Desired  
Outcomes 
Conflicting 
Interdependence 
Uncertainty or 
Probabilistic 
Linkage 
Examples 
Simple Tasks - - - -  
Decision Tasks - X - - Employee selection;  
Choosing a house;  
Selecting a building 
site. 
 - X - X 
 - X X - 
 - X X X 
Judgment Tasks - - X - Intelligence analysis;  
Stock market analysis;  
Multiple cue probability 
learning. 
 - - - X 
 - - X X 
Problem Tasks X - - - Chess problems;  
Personnel scheduling;  
Personnel placement. 
 X - X - 
 X - - X 
 X - X X 
Fuzzy Tasks X X - - Business ventures. 
 X X - X 
 X X X - 
 X X X X 
3
3 
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Chapter 4  
Hypothesis Development 
 
4.1 Research Framework 
This study was aimed to examine the effect of task complexity on group behavior. 
According to Wood (1986), variations in task complexity (e.g., different types and 
different levels of complexity) appear to result in changes in task demands (i.e., 
knowledge, skills, and effort). The varied degree of task demands can serve as an 
explanation for the effects of task complexity on attitude and task performance of the 
individuals who perform the task.  
We adopted Hackman‘s task framework to examine the impact of task 
complexity. Hackman (1969a) noted that ―the magnitude of behavioral effects associated 
with process-output links must be nearly zero as a person begins a new task, but it grows 
over time to become the most important of the four types of task-based influence‖ (p. 
442). Moreover, based on activation theory (Scott, 1966), Campbell (1988) posited that 
―to the extent an objectively complex task implies a greater number of stimulus sources, 
more uncertainty, and so forth, it will create a heightened sense of arousal within the 
individual‖ (p. 48). Hence, of four types of task impacts, the process-outcome links and 
level of activation (i.e., task complexity) are of most relevance and interest to assessing 
the effect of task complexity. 
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Since the process-outcome links denote behavior requirements, McGrath‘s task 
circumplex was used to define the behavior requirement associated with our experimental 
task (i.e., puzzle). The puzzle task requires team members to solve a problem with a 
correct answer or solution; therefore, this task falls under the intellective task category 
according to McGrath‘s task circumplex. Furthermore, the puzzle task involves 
cooperation among team members in solving the problem with a correct answer.  
Task complexity influences group behavior and outcomes by changing the level 
of cognitive and physiological arousal or activation. A performer‘s level of activation 
affects the actual ―process‖ of behavior in the performance sequence (Hackman, 1969a).  
Outcomes derived from the performance process can be either ―personal‖ 
outcomes or ―performance‖ outcomes (Hackman, 1969b). In this study, the dependent 
variables or outcomes are trust, attraction to team, and team process satisfaction. These 
variables are related to personal outcomes. Hackman (1969a; 1969b) noted that a trial 
outcome need not exist for every task. In the current study, subjects were allowed to 
solve the puzzle task in one attempt; thus, the notion of a trial outcome would be 
irrelevant. 
 Thus, as illustrated in Figure 4.1, we derived a research framework which was 
built on the combination of Hackman‘s task framework and McGrath‘s task circumplex 
to examine the effect of task complexity on trust, attraction to team, and team process 
satisfaction. 
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Figure 4.1: Research Framework 
 
4.2 Team Trust 
Interestingly, Mayer et al. (1995) argued that the level of trust may be constant 
across any given trustor, but the degree to which trust is developed will be determined by 
contextual factors (e.g., situations, the stake involved, the balance of power in the 
relationship). According to Mayer et al. (1995), ―the trustor perception and interpretation 
of the context of the relationship will affect both the need for trust and the evaluation of 
trustworthiness‖ (p. 727). Accordingly, we would expect that different levels of task 
complexity result in varied levels of team trust between simple-task teams and complex-
task teams. 
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Past research has shown that virtual teams are able to swiftly develop trust when 
they do not have a sufficient amount of time to gradually develop trust (Jarvenpaa & 
Leidner, 1999; Jarvenpaa, Knoll, & Leidner, 1998). This particular type of trust is labeled 
as ―swift trust.‖ Meyerson et al. (1996) suggested that swift trust was established when 
team members presume that others are trustworthy at the beginning of the project. We 
would expect that team members establish swift trust at the very outset of the task 
performance. 
The highpoint of cognition-based trust is reached ―when social actors no longer 
need or want any further evidence or rational reasons for their confidence in the objects 
of trust‖ (Lewis & Weigert, 1985, p. 970). Thus, cognitive-based trust relies on 
information and develops through communications among team members. In the present 
study, the puzzle task is considered an intellective task in accordance with McGrath‘s 
task circumplex. Since the intellective task involves collaboration among team members, 
it is essential that they collaborate and communicate more with their team members as the 
complexity of the task increases. We would predict that the more team members 
communicate, the greater the level of team trust developed. 
Wood (1986) and Campbell (1988) suggest that the more complex the task, the 
greater will be the demand on cognitive resources to perform the task. To accomplish the 
task, the task performer will need to invest the appropriate amount of cognitive resources 
required in order to match the level of complexity present in the task. Specifically, we 
would expect that the more complex the task, the greater will be the demand on cognitive 
resources to perform the task. When virtual team members carry out a collaborative task, 
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they will need to invest the appropriate amount of cognitive resources needed to match 
the level of complexity present in the task.   
In most cases, each team member will use their own perceptions of the task 
requirements, complexity, and performance requirements to make inferences about 
whether and how other team members will respond to the task.  Indeed, in the virtual 
world setting, a team member can visibly perceive the degree to which others in the team 
contribute their effort to the task in response to cognitive demands imposed by the task, 
which, in turn, promotes trust among the team members. Hence, we hypothesize that:  
Hypothesis 1: Teams will have higher levels of team trust in a high-complexity task than 
in a low-complexity task.  
4.3 Attraction to Team 
Building upon Van Bergen and Koekebakker‘s (1959) assertion, Evans and Jarvis 
(1980) define attraction to group as an individual‘s desire to identify with and be an 
accepted member of the group. They also claim that ―attraction to group might arise 
from the degree to which a member‟s needs are met in the group and/or the congruence 
between his or her expectations for the group and what actually occurs.” Attraction to 
group is defined as an interaction of a group member‘s motives which results in the 
individual either leaving or remaining in the group (Van & Koekebakker, 1959).  
According to McGrath‘s (1984) task circumplex, in the present study, puzzle 
tasks are considered as intellective tasks (i.e., problem solving tasks). Intellective tasks 
require member to cooperate and contribute their individual efforts in order to arrive at 
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the desired solution for a given problem. It is assumed that team members cooperate 
more with the other team members as the complexity of the task increases.  
In general, group members who have been motivated to cooperate show more 
positive responses to each other, are more favorable in their perceptions, are more 
involved in the task, and have greater satisfaction with the task (Stendler, Damrin, & 
Haines, 1951). Futhermore, Georgas (1985) maintains that cooperation enhances 
interactions between team members such that they are more positive, friendly, accepting, 
favorable, helping and attentive, which are precursors to the formation of group attraction 
(Lott & Lott, 1965).  Hence, attraction to a team would be enhanced when task 
complexity increases due to the increased demand and opportunity for collaboration, 
cooperation, and communication. 
Researchers found that success in adversity, among other conditions, can heighten 
attraction to the team (Husting, 1996). Complex tasks require extra amount of work or 
input such as communication and coordination, which are often viewed as adversity or 
challenge. Team members have to work interdependently around the assigned task to 
meet the team‘s goals. Thus, going through the process of overcoming adversity in a 
complex task, team members feel more emotionally and affectively attached to the team 
and members in the team. Hence, we hypothesize that: 
Hypothesis 2: Teams will have higher levels of attraction to team in a high-complexity 
task than in a low-complexity task. 
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4.4 Satisfaction with Team Process 
Team process satisfaction refers to the affective and positive emotional reaction 
team members have with the ways (e.g., procedure, deliberation, etc.) they arrive at an 
outcome (Lowry et al., 2009; Reining, 2003).  
Goal setting theory suggests that difficult goals are more motivating for 
individuals than easy goals. Locke (1968) reported that there is a positive relationship 
between goal difficulty and level of performance. Difficult goals pose a challenge to 
individuals, motivating them to use the task situation to improve their skills and prove 
their competence (Locke & Latham, 1990b).  
In addition, complex tasks, by nature, demand more cognitive resources including 
skills, effort, and knowledge of the task performer (Schroder et al., 1967) as well as 
behavioral performance including information processing and the physical process of 
carrying out the task. As a result, completion of complex tasks, compared to simple ones, 
is perceived to be a greater accomplishment, leading to a higher level of positive 
emotional reaction to team collaboration, i.e., team process satisfaction. Therefore, we 
hypothesize that: 
Hypothesis 3: Teams will have higher levels of team process satisfaction in a high-
complexity task than in a low-complexity task.  
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Chapter 5  
Quantitative Analysis 
 
5.1 Research Methodology 
5.1.1 Research Model 
In this research, we examine the effect of task complexity on the following 
dependent variables: 1) team trust, 2) attraction to team, and 3) team process satisfaction. 
The research model is depicted in Figure 5.1. 
 
Figure 5.1: Research Model 
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5.1.2 Research Procedure 
A controlled experiment was conducted to examine the hypotheses in Second 
Life, which is one of the most prominent virtual worlds. Second Life gives us the ability 
to freely create objects and manipulate different levels of task complexity. Figure 5.2 
shows the study‘s platform in Second Life.  
 
Figure 5.2: The Study’s Platform in Second Life 
 
Subjects were randomly assigned to teams of two (i.e., dyads) to solve a puzzle 
task in Second Life. Members of each team did not know who was their other team 
member. Each team was randomly assigned to either the low- or high-complexity 
condition.  
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At the beginning of the experiment, subjects completed a short training task to 
familiarize with moving their avatars and the virtual objects in Second Life. Following 
the training, the dyads were asked to complete the puzzle task, which involved fitting 
puzzle pieces into a predefined pattern (i.e., to form a holistic picture). Team members 
were allowed to collaborate with their teammates using text chat offered in Second Life. 
Each team was given as much time as needed to complete the puzzle task. 
After the subjects completed the task, a post-study questionnaire was 
administered to assess the team process and their perceptions on the collaboration. 
5.1.3 Subjects 
A total of 216 subjects participated in this study. Subjects were recruited from 
students at a midwestern university. Demographic information of the subjects is 
presented in Table 5.1. The subjects‘ experience with the Internet and Second Life are 
shown in Figure 5.3, in which 88% of the subjects were using Second Life for the first 
time.  
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Table 5.1: Demographic Information 
Gender Female 35.17% 
Male 64.83% 
Age 19 7.03% 
20-24 82.57% 
25-29 7.34% 
30-34 2.14% 
35-39 0.31% 
40-44 0.61% 
Degree High School 94.79% 
Bachelor 4.29% 
Graduate 0.92% 
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Figure 5.3: Subjects’ Experience with the Internet and Second Life 
5.1.4 Experimental Manipulation of Task Complexity 
In our research, a puzzle was used as the experimental task. Puzzles of various 
types have been used in a variety of types of research because they are engaging for 
subjects, understood by the subjects, and the complexity of the task can be easily 
manipulated by varying the number of puzzle components (i.e., varying the component 
complexity) (Richardson & Vecchi, 2002).   
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Based on Campbell‘s (1988) framework, puzzles are classified as problem tasks 
because the puzzle consists of a multiplicity of paths to achieve a desired outcome. 
Because task complexity is a function of the number of potential paths to the desired 
outcome, the level of task complexity is increased by increasing the number of possible 
paths to arrive at the desired outcome. In other words, by increasing the number of pieces 
of a puzzle, the level of task complexity is increased. 
 We varied the levels of task complexity by varying the number of puzzle pieces. 
Specifically, the low-complexity task consists of six (i.e., 2 x 3) puzzle pieces while the 
high-complexity task consists of twenty-four (i.e., 4 x 6) puzzle pieces. In both cases, the 
image created from the puzzle pieces were the same (i.e., a picture from a popular 
animated movie). Figure 5.4 and Figure 5.5 show examples of assembled low- and high-
complexity versions of the puzzle. 
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Figure 5.4: Low-Complexity 
Task/Puzzle 
 
Figure 5.5: High-Complexity 
Task/Puzzle 
 
5.1.5 Measurement 
We adapted validated scales from prior research examining trust, attraction to 
team, and team process satisfaction. All question responses were recorded on a 9-point 
scale. Table 5.2 shows the survey items utilized to assess the dependent variables. Team 
Trust and Attraction to Team were assessed using the Likert scale and Team Process 
Satisfaction was assessed using the semantic differential scale. 
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Table 5.2: Measurement Items 
Construct Measurement Items 
Team Trust  
(adapted from Jarvenpaa, 
Knoll and Leidner 
(1998)) 
 
 
1. I could rely on the teammate with whom I worked. 
2. We have confidence in one another in my team. 
3. We were usually considerate of one another‘s 
feelings in my team. 
4. My group has no ―team spirit.‖ (reverse-coded) 
Attraction to Team  
(adapted from Evan and 
Jarvis (1986)) 
1. I would want to remain a member of this team. 
2. I like this team. 
3. I feel involved in what is happening in this team. 
4. In spite of individual difference, a feeling of unity 
exists in this team. 
5. Compared to other teams I know of, I feel this team 
is better than most. 
6. It makes a difference to me how this team‘s efforts 
turn out. 
Team Process 
Satisfaction (adapted 
from Green and Taber 
(1980)) 
How would you describe your team‘s process? 
1. Very inefficient … very efficient 
2. Very uncoordinated … very coordinated 
3. Very confusing … very understandable 
4. Very dissatisfying … very satisfying 
 
5.2 Data Analysis 
5.2.1 Factor Analysis 
In this research, a factor analysis using the Principal Components method with 
Varimax rotation was conducted to assess the validity of the constructs.  
Convergent validity refers to the extent to which multiple measures of a construct 
agree with one another; and discriminant validity refers to the extent to which measures 
of distinct constructs are different from each other (Carmines & Zeller, 1979). Items 
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adequately measuring a construct should exhibit high factor loadings on the construct and 
low factor loadings on other constructs.  
The results of the factor analysis for the endogenous variables (team trust, 
attraction to team, and team process satisfaction) provide evidence for convergent and 
discriminant validities of the constructs (see Table 5.3). 
Table 5.3: Results of Factor Analysis 
Items 
 Construct  
Team Trust 
Attraction to 
Group 
Team Process 
Satisfaction 
Trust1 .698 .334 .371 
Trust2 .791 .333 .260 
Trust3 .830 .215 .001 
Trust4 .643 .308 .272 
AttractionGrp1 .220 .866 .219 
AttractionGrp2 .305 .866 .154 
AttractionGrp3 .272 .867 .148 
AttractionGrp4 .347 .810 .077 
AttractionGrp5 .021 .721 .270 
AttractionGrp6 .181 .756 .181 
SatProc1 .223 .124 .742 
SatProc2 .209 .214 .854 
SatProc3 .149 .241 .820 
SatProc4 .059 .334 .741 
 
Reliability tests using Cronbach‘s alpha coefficients were conducted to assess the 
internal consistency of the items for each construct.  
Cronbach‘s alpha coefficient for the construct ―team trust‖ (Trust) is 0.86, which 
exceeds Nunnally‘s (1978) threshold of 0.70. Table 5.4 suggests that Cronbach‘s alpha 
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coefficient for team trust will not improve even if one of the items is deleted. Therefore, 
the measurement for team trust with four items is highly reliable and adequate. 
Table 5.4: Item-Total Statistics for Team Trust 
Item 
Scale Mean if Item 
Deleted 
Scale Variance if 
Item Deleted 
Cronbach’s Alpha 
if Item Deleted 
Trust1 18.79 23.879 .79 
Trust2 19.08 22.974 .77 
Trust3 19.10 24.961 .84 
Trust4 19.20 23.983 .86 
 
Cronbach‘s alpha coefficient for the construct ―attraction to team‖ 
(AttractionGrp) is 0.94. Six items were included to measure attraction to team. Table 5.5 
suggests that if the fifth item (AttractionGrp5) is removed, the Cronbach‘s alpha 
coefficient will be increased to 0.95. However, the improvement of Cronbach‘s alpha is 
negligible. Hence, we decided to keep the fifth item. 
Table 5.5: Item-Total Statistics for Attraction to Team 
Item 
Scale Mean if Item 
Deleted 
Scale Variance if 
Item Deleted 
Cronbach’s Alpha 
if Item Deleted 
AttractionGrp1 30.79 70.611 .92 
AttractionGrp2 30.60 70.544 .92 
AttractionGrp3 30.68 71.852 .92 
AttractionGrp4 30.94 73.510 .92 
AttractionGrp5 31.31 75.064 .95 
AttractionGrp6 30.97 74.452 .94 
 
Cronbach‘s alpha coefficient for the construct ―team process satisfaction‖ 
(SatProc) is 0.90, which exceeds Nunnally‘s (1978) threshold of 0.70. Table 5.6 suggests 
that Cronbach‘s alpha coefficient for team process satisfaction will not improve even if 
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one of the items is deleted. Therefore, the measurement for team process satisfaction with 
four items is highly reliable and adequate. 
Table 5.6: Item-Total Statistics for Team Process Satisfaction 
Item 
Scale Mean if Item 
Deleted 
Scale Variance if 
Item Deleted 
Cronbach’s Alpha 
if Item Deleted 
SatProc1 18.87 21.347 .89 
SatProc2 19.54 19.930 .85 
SatProc3 18.91 22.646 .86 
SatProc4 18.81 23.504 .88 
 
Table 5.7 presents a summary of Cronbach‘s alpha coefficients for measurement 
of the three dependent variables. Since Cronbach‘s alphas for team trust, team process 
satisfaction, and attraction to group/team exceed Nunnally‘s (1978) threshold of 0.70, all 
of the measurements are highly reliable. 
Table 5.7: Cronbach’s Alpha Coefficients 
Construct Cronbach’s Alpha 
Team trust .86 
Attraction to team .94 
Team process satisfaction .90 
 
5.2.2 Aggregation of the Measures 
Before the relationships among variables can be assessed, the appropriateness of 
aggregating the individual measures to the group level must be demonstrated. George and 
James (1993) stated that the critical test for the appropriateness of aggregation is the 
within-group agreement on the variable examined. Consistent with Hyatt and Ruddy 
(1997) and Stewart and Barrick (2000), George and James (1993) and James, Demaree, 
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and Wolf‘s (1984) method is appropriate for estimating the rwg index of within-group 
agreement. This technique estimates the extent of agreement of group members in rating 
a given target (e.g., team members‘ ratings of team trust).  If the average rwg score of the 
scale is greater than .70, aggregation of individuals‘ scores to the group level is warranted 
(Kozlowski & Hattrup, 1992). Based on the criteria, all data were analyzed at the group 
level. The averages (rwg) across group for team trust, team process satisfaction, and 
attraction to group are listed in Table 5.8. 
Table 5.8: Average rwg for Each Measure 
Measurement rwg 
Team trust .86 
Team process satisfaction .86 
Attraction to team .83 
 
5.2.3 Manipulation Check 
A one-way ANOVA was used to test the effectiveness of the task complexity 
manipulation. A 5-item scale of subjective task complexity (Cronbach‘s alpha = .93) was 
adopted from Maynard and Hakel (1997). The manipulation check yielded a significant 
effect for levels of task complexity, F(1, 81) = 20.73, p < .001. Subjects in the high-
complexity condition (M = 4.90, SD = 1.44) perceived their task to be more complex than 
did the subjects in the low-complexity condition (M = 3.54, SD = 1.09). We, hence, 
deemed the task complexity manipulation to be successful. 
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5.2.4 Control Variable 
Propensity to trust is a personality trait that varies across individuals where some 
people are more likely or willing to trust others (Mayer et al., 1995).  When there is no 
available information regarding team members, propensity to trust is considered to be an 
important factor affecting team trust that will subsequently be manifested among team 
members (Jarvenpaa et al., 1998; Mayer, et al. , 1995). We adapted the measurement 
scales for propensity to trust from Jarvenpaa et al. (1998). 
5.2.5 Hypothesis Testing 
Team trust was examined by conducting an ANCOVA with propensity to trust as 
a covariate. The ANCOVA results indicate that there is a significant difference in team 
trust, F(1, 104) = 4.96, p < .05. As shown in Table 5.9, teams in the high-complexity 
condition reported higher team trust (M = 6.63, SD = 1.25) as compared to teams in the 
low-complexity condition (M = 6.10, SD = 1.28).  
Attraction to the team was examined by conducting a one-way ANOVA. As 
shown in Table 5.9, the results indicate that there is no significant difference between the 
two levels of task complexity, F(1, 106) = .18, p = .67.  
Team process satisfaction was examined by conducting a one-way ANOVA. 
Results indicate that there is a significant difference in team process satisfaction, F(1, 
106) = 5.49, p < .05. As shown in Table 5.9, teams in the high-complexity condition 
reported higher team process satisfaction (M = 6.60, SD = 1.18) as compared to teams in 
the low-complexity condition (M = 6.08, SD = 1.11).  
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Table 5.9: Experimental Results 
Dependent 
Variable 
Low 
Task 
Complexity 
(n = 56) 
High 
Task 
Complexity 
(n = 52) 
Total 
(n = 108) 
ANOVA 
M SD M SD M SD F Sig. 
Team trust 6.10 1.28 6.63 1.25 6.35 1.28 4.96 .02 
Attraction to 
team 
6.13 1.34 6.25 1.32 6.19 1.32 .18 .67 
Team process 
satisfaction 
6.08 1.11 6.60 1.18 6.33 1.67 5.49 .02 
 
5.3 Secondary Data Analysis 
5.3.1 Trust as a Mediator 
Powell, Piccoli, and Ives (2004) suggested that trust is an important team process 
for virtual team effectiveness. Also, there is a positive link between team process and 
outcomes in terms of satisfaction.  High levels of trust reduce barriers to communication 
and promote team satisfaction (Mitchell & Zigurs, 2009). The results of this study have 
shown that an increase in the level of task complexity escalate the degree of team trust. In 
addition, prior research in virtual teams has indicated that trust is a foundation for team 
effectiveness by fostering team satisfaction. Thus, trust could be a possible mediator 
between task complexity and team satisfaction (see Figure 5.6). 
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Figure 5.6: Trust as a Mediator 
 
Accordingly, we examined trust as a mediator of task complexity effects on team 
process satisfaction using a procedure described by Baron and Kenny (1986). To test 
team trust as a mediator, we first examine whether task complexity has a significant 
effect on team trust and on team process satisfaction, and whether team trust has an effect 
team process satisfaction. If these paths are significant, we examine the effects of task 
complexity on team process satisfaction after controlling for team trust.  
As shown in Table 5.9, the results indicate that task complexity has a significant 
effect on team trust, (1, 104) = 4.96, p < .05. Teams in the high-complexity condition 
reported higher level of team trust (M = 6.63, SD = 1.25), as compared to teams in the 
low-complexity condition (M = 6.10, SD = 1.28).  
Additionally, as shown in Table 5.9, the results indicate that task complexity has 
a significant effect on team process satisfaction, F(1, 106) = 5.49, p < .05. Teams in the 
high-complexity condition reported higher level of team process satisfaction (M = 6.60, 
SD = 1.18), as compared to teams in the low-complexity condition (M = 6.08, SD = 1.11).  
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Finally, the results from a regression analysis (see Table 5.10) reveal that team 
trust has a significant effect on team process satisfaction (R
2
 = .61, β = .55, t = 7.86, p < 
.01). Teams that reported higher team trust had higher team process satisfaction. 
Table 5.10: Results of Regression of Team Process Satisfaction 
Model 
Unstandardized 
Coefficients 
 
Standardized 
Coefficients 
t Sig. 
 B 
Std. 
Error 
Beta   
(Constant) 2.82 .46  6.20 .00 
Team trust .55 .07 .61 7.86 .00 
 
To test team trust as a mediator, task complexity was entered into the regression 
equation after controlling for the effects of team trust. Table 5.11 indicates that the effect 
of task complexity when controlled for team trust is not significant.  
Table 5.11: Results of Hierarchical Regression Controlling for Team Trust 
Model 
Unstandardized 
Coefficients 
 
Standardized 
Coefficients 
t Sig. 
 B 
Std. 
Error 
Beta   
(Constant) 2.71 .46  5.87 .00 
Task complexity .12 .09 .10 1.29 .20 
Team trust .53 .07 .59 7.45 .00 
 
 
 Hence, the results indicate that there is a mediating effect of team trust on team 
process satisfaction. In other words, as the task complexity increases, trust in the team is 
also increased, which results in higher team process satisfaction. 
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5.4 Discussions and Implications 
This study empirically examines the effect of task complexity in virtual team 
collaboration in a virtual world (i.e., Second Life). The findings suggest that, as expected, 
an increase in task complexity can enhance team trust and team process satisfaction.  
 In this study, team members did not have prior working relationships with their 
teammates, and they had a very short period of time to collaborate with their teammates. 
In the group cohesion literature, it is argued that team members‘ perceptions about their 
group are likely to be influenced if they have substantial prior social or task experience 
with other group members as compared to joining and working with a group where there 
is no prior experience working together (Casey-Campbell & Martens, 2009). 
Accordingly, this could explain why there is no significant effect of task complexity on 
attraction to team in this study. Due to the short time duration of this study where team 
members have no prior history or working relationship, there may not be enough 
opportunity to develop attraction towards the team. 
Consistent with prior studies (e.g., Jarvenpaa et al., 1998; Jarvenpaa & Leidner, 
1999), the findings of the current study suggest that virtual teams are able to swiftly 
develop high levels of trust when they have to accomplish a common task with time 
pressure or within a limited time frame. In this study, the teams were randomly formed 
prior to the start of the experiment; however, the team trust indicators have a mean of 
6.10 (out of 7) for low- complexity task and 6.63 (out of 7) for high-complexity task. 
This indicates that team members who are unknown to each other can develop swift trust 
in a virtual world environment.  This rapid trust formation is likely due to the embodied 
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representation of the users which fosters higher levels of involvement in the task and 
interactions with the other social actors (Mennecke et al,, 2011). 
These results offer useful implications for team facilitators and team leaders.  
Specifically, to foster teamwork and team development, our findings suggest that more 
complex tasks will improve team member perceptions about other team members. The 
reasons for these findings probably relate to the interdependence that is needed when 
team members engage in more complex endeavors.  For example, for a simple task, less 
interaction and cooperation is needed to complete the exercise.  In this case, the small 
number of pieces involved in the low-complexity task would have been easily completed 
by the team members in a short amount of time and with less of a requirement for 
coordination and cooperation between team members.  This lower level of reliance and 
involvement with each other would lessen the requirement to trust.  A practical 
implication of this is that a task needs to be sufficiently complex to provide the 
opportunity for interaction and coordination of acts to take place during task completion.   
These results also have practical implications for team building. The findings in 
this study are particularly relevant for geographically dispersed teams. An increasing 
number of organizations are globalizing and have organizational members situated in 
non-proximate locations. With virtual worlds, team building can be conducted virtually. 
Additionally, it appears that team trust and team process satisfaction are enhanced with 
more complex tasks; therefore, an important implication of this study is that facilitators 
and team leaders should consider the relative complexity of team building exercises when 
using such tools to build trust within their teams.   
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5.5 Limitations and Future Research 
In this research, we manipulated task complexity such that the complexity levels 
are within a manageable range. The results could have been different if task complexity is 
above a certain ‗manageable‘ threshold where cooperation and engagement in the task 
and other behaviors supporting teamwork break down or falter. To keep the task 
manageable and reasonable for subjects and to examine trust in a comparable range of 
task contexts in future research, we limited the complexity of the task in this research to a 
manageable cognitive level in order to examine the relative effects of task complexity on 
team collaboration. Future research may examine the effects of complexity of different 
types of tasks including cognitive, affective, and psychomotor tasks.  
In this study, the puzzle task of our study embedded only one dimension of task 
complexity – component complexity. It is noteworthy that future research assesses the 
effect of task complexity with regard to other types of task complexity (e.g., coordinative 
complexity and dynamic complexity).  
Another possible limitation of this study is that we examined groups of only two 
members. In general, group size may influence division of labor in teams and the degree 
of social loafing. Also, group size could be a moderator of the relationship between task 
complexity and team behavior. 
Finally, this study represents a cross-sectional (or snapshot) view of short-
duration teams; therefore, longitudinal studies would be helpful and appropriate for 
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developing a more complete understanding of how team trust and team process 
satisfaction evolve as teams develop. 
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Chapter 6  
Conclusions and Contributions 
 
Team collaboration in virtual worlds is an important topic that deserves more 
attention and research. This research examines task complexity and empirically tests 
three hypotheses related to team collaboration in a virtual world, Second Life. The 
findings suggest that team trust and team process satisfaction increase with the 
complexity of the task. High task complexity results in higher team trust and team 
process satisfaction. Attraction to the team, on the other hand, is not significantly affected 
by task complexity, which may have resulted from the lack of any prior relationship 
between team members and the very short duration of the task. Team members may 
require an appropriate or greater amount of time to form team identification and to 
develop attraction towards the team. 
These findings are interesting and contribute to the team building literature. For 
example, to the best of our knowledge, this is the first study that has examined team trust 
in combination with task complexity. Team managers may take advantage of affordances 
provided by Second Life in order to design and create team building exercises that utilize 
task complexity to enhance trust and satisfaction among team members. 
Additionally, these results were observed in the context of virtual worlds and this 
research builds on prior research examining team interaction in these and traditional 
venues. As one of the first research studies to examine team collaboration in virtual 
worlds, this study contributes to the literature on collaboration and use of virtual worlds. 
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